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S U  M M A R  T 

This paper brings forth the r e su l t s  of data processing on mea- 
surement of low energy protons by semiconductor f f P - r u  counters for the 

perfod from the end of August t o  the end of December 1964. It wae found 
t h a t  the outer radiation be l t  consti tutes a re la t ive ly  &ea& formatfor# 
and i t 6  outer par t  is the only one undergoing temporal variatiozm, begin- 
ning with L >,4.5.- The identical  a l t i t ude  course and character of taria- 
tione of low energy protons and hard electrons of the outer belt in L >/5 ,  
points t o  a common trapping and acceleration mechanism for both forms 
of radiation.- T a k i n g  in to  account the dependence of these variations on 
the  geomagnetic setup, i t  may be assumed, tha t  anonalops diffusion uon- 
u t i tu t e s  such a mechanism for par t ic les  in the Ear th ' s  magnetosphere a t  
the expenso of re lat ively weak nonstationary disturbances of the georagne- 
t i c  f ie ld ,  which are observed rather frequently, 

* *  
The s a t e l l i t e  t lCosmos~lw YBS launched on 22 A u p t  1964 i n t o  

an orbi t  of 39.855 Inn apogee and 394 km perigee, inclined t o  t h e  equato- 
rial plane at an angle of 650. A radiometric apparatue wae i n s t a l l ed  on 
board of Cosmos-41, designed to study the geomagnetically trapped radi&tion 
the  consti tution of which being shown in Table 1. 

m I Y A  NIZKOEX!3RGICH" P€&FONdV NA SPUTNIKE nKOSHOS-41N. 



4 

Semiconductor rrP=rr* 
counter with a sensi- 
t ive  quart layer 

Identical counter 

- 
9 3 mdc= - -  

D E T E C T  O R  

GAS DISCHARGE COUNT, 

STS - 5 
si-3BG I 
si-3BG I1 

- __ __- ._ ._ _ _  

SBT-9 NO* 3 , 

Cylindrical N a I (  
sc int i l lator 

SHIELDING 

ZOOmkg/cn? 
Ag & f i  

m R I C  FACTOR, FORM AND QJEBGY OF 

0,07 cm sterad. 0.4 4 Ep g 7 mt. 

I REGISTERED PARTICLES 
I 

2 i 

i 

SBT-9 NO. 1 
SBT-9 NO, 2 

** 2 
1 mg/cm2 0,lcm sterad. E, 7 25kev, Ep>0,5mev 

2. 

T A B L E  1 

I*** 
20mg / cm2 0.1 c& sterad. ' E, > l20ker, E ! P > 3 m e t  

[Explanations] : means A 1  plus s t e e l  
** - mica 

*** - mica plus magnetic shield 
**** (.. mica plus magnetic shield plus A l .  

t 
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The semiconductor nP-r" countere were graduated by N- part ic les  of polo- 
nium and uranium. A t  the eane time the amplitudes of p-es were measured 
a t  amplifier output and so were the radiotechnical threeholds of the die- 
criminators. Comparison of calibrated data, obtained by such a method, 
with the graduation in protons provides the e r ror  i n  the estimate of the 

energy thresholds of no more than 10%. 'When i r radiat ing the  counters by 
with energy of 45 kev, 7 1  a directed flux of electrons of -10 

cmc 
a count of - 2  pulse/sec, caused by appliance of pulses from electrons, 
w a s  registered. The radiotechnical c i rcu i t  of counters assure8 the regis- 

1 t ra t ion  of proton fluxes t o  7 105 
of no more than 1@, while t h e  overload characterist ics,  taken down, pro- 
vided the possibi l i ty  of determining unambiguously proton fluxes through 

with an error on counting C d s e c  s t e r  

by t h e  count of semiconductor nP-rrt counters. 1 
cmz sec s t e r  

107 

R E S U L T S  

Presented below are the r e su l t s  of data processing on measurement 
of law energy protons by semiconductor rP-rn counters during the period 
from the end of August t o  the end of December 1964. 

The intensi ty  variation of proton6 with energy from 0.4 t o  7mev 
plotted. by curves forthe3, 19, 21 Segtember, 9 October and 19 December 
1964, alongside with the intensities of the magnetic f i e l d  B (curves 1) 
are plotted i n  F i g e l . ,  where t h e  height of the s a t e l l i t e  above the Earth, 

- h 
For the curves for the 3rd. l g t h ,  21st September and 9th October, the in- 
tens i ty  of the magnetic f i e ld  Bis given by s o l i d  curve 1. Over t h i s  por- 
t ion of s a t e l l i t e  trajectory the angle between the axie of the **P-rn counter 
and the magnetic l i nes  of force consti tutes -doo; therefore counters 
registered protons with pitch-angles lying in the angle interval  from 30' 
t o  90°. For the curve for  19 December, the intensi ty  of the magnetia f i e l d  
is given by the dashed curve 1,while the angle between the magnetic l i nes  
of force and t h e  axis of counter8 was in t h i s  case of -"too. The inorease 
in the magnetic f ie ld  intensi ty  and the decrease of pitch-angles had condi- 
tioned the lowering of proton intengity registered on 19 December. 

is also represented (curve 2) as a function of the parameter L El]. 



Fig, 1 

4. 

The count of the second 
"P-P counter, registering @IO- 

tons with energy of 3- 8 mev, 

at t f r o m  3-5 t o  10 at indica- 
ted values of B, for the period 
from the end of August t o  the end 
of December 1964, was always 

below or at the leve l  of meamre- 
ment limit, t h a t  ib - 3 

&, ;. 
Therefore, it may be seen from 

Fig, 1 that on L = 3.5, the measured 
intensi ty  of protons with enerm 
of 0.4 t o  3 Hev attained 

5 1 2 010 a& eec s terad 

If we represent the inclina- 
tion of proton intensitf  drop ae 
a fuzction of L by the expression 
Saon, then, for the steepest  drop 
of proton intensi ty  (19 Auguet), 
n is obtained equal t o  30. 

Aside from the information from the above-indicated portions of 
s a t e l l i t e  trajectory,  there are  data from the descending portion of the 
t ra jectory in the region of the geomagnetic equator. I n  t h i s  c u e  the satel- 
l i t e  ~ h i f t e d  nearly along tho magnetic l i n e  of force, and the ariS of nP-rc" 
countsrm consti tute 
merefore the intensi ty  of protons on the 8ame 

an angle of 30° with the magnetic line of force. 
itas the one registered, 

but at substantially different values of the parameter B ;  at the sam 

time, the difference in measurement t b e a t h i g h  la t i tudes  and in the equa- 
t o r i a l  region constituted less than 8 hours. D a t a  on such measurements 
for 1 September 1964 on L = 5  at points A and B of s a t e l l i t g  t ra jectory 
a re  compiled in Table 2. 

If we admit tha t  the distribution of protons by pitch-angles 
In the equatorial  region satisfies the expression 

ff t 2 ( t h i s  agree6 well with the experimental data of @I), 
P L. sin a+' 8 ,  where 

then, for 
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normalizing the intensi ty  a t  the point B is 5s necessary t o  introduce 
the factor  of 6,  and the r a t i o  of i n t ens i t i e s  
equal t o  18. Hence, by representing the a l t i tude  course as ( B / B ~ ~ U ) - ~ ,  

we obtain t h a t  K =l. 

Hp(B) w i l l  become 
Bp (A) 

T A B L E  2 

T A I B 
h = 26 th.km. 

A = O  

B E 0.25 10.' gauss 
e = 30° 

N*= 3 -104 1 
2 cm sec  s t e i  

No Bo h is the height above the E a r t h ' s  surface; 
A is t h e  geomagnetic la t i tude ;  
B is the intensi ty  of the  magnetic f ie ld :  
8 is the angle between the axis of "P-r" counters and 

Np is the  intensi ty  of protons w i t h  energy 0.4- 3 MeV 
the magnetic l ine of force; 

- 

If w e  assume t h a t  such a course for protons of above-indicated 
enerm is also valid for lower L, then on L =  3.5 in the geomagnetic 
equator, our detector could have registered a proton flux of 

1 
cm'sec sterad 

6 .  lo6 

As is  shown i n  C23, 
ted by the expression exp ( -E/ Eo 

i t  is possible t o  deterhine t h a t  Eo & 280 kev. 

b e l t  for 19 September 1964are represented i n  Fig .2  i n  the same fora as 
i n  Fig.1. 
charge counters Si=3BGli, differing only by the shielding, and the curve 
3 shows the variation of the mean anode current of the photomultiplier 
with a H a I  ( 1) crystal ,  expressed in mev/sec. 

the proton spectrum of the outer be l t  can be approxima- 
By measurements on L= 5 and A = 0 ,  

Data on the regis t ra t ion of electrons of the outer radiat ion 

The curves 5 and 6 represent the counting rates of the gae-dis- 
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Fig, 2 

cm sec d e r  
si- 3BG ,zy 1 

cm eec 

Contribution could be made t o  sc in t i l l a t i on  detector current 
by protons with enery E p > 1 0  mev, electrons with energy Ee >600 kev 
by direct  passing into the crystal  and by electron8 of lower energy 
at  the expense of bremmstrahlung., For conparison we plotted in Fig.2 
t h e  curve of detector counting r a t e  of protons with energy 0.4-7 mev 
(curvel) .  From the couree of the curves it may be seen tha t  the inten- 
s i t y  maximum of electrons of the outer radiation b e l t  is registered on 
L = 5 .  Moreover, a steeper drop with the rise of I, of the counting rate 



of gas-discharge counter8, registering the energetic electron8, by compa- 
rison with photomultiplier current, characterhe6 the fact ,  tha t  the epec- 
trum of outer belt  electrons ehifts with the Increase of L t o  the region 
of lower ener&e. It should be noted, tha t  the intenei ty  r a t i o  of elec- 
trons, registered over trajectory A and B portbnrr at L =  5 by gas-die- 

charge counter8 i o  20. (Bo normalisation is requhed i n  t h i s  case, since 
the character of radiation registration by gae-dirscharge counters of the 
indicated type is nearly isotropic). 

The procesldng of d a h  aocording to other s ta l l i t e  paesagss at the 
same geomagnetic la t l tudee and dhtance8 from Earth 6howe, t ha t  the varia- 
t ions  of the configuration and Intensity of the outer part of the proton 
b e l t  are, a6 a rule, l i n k e d  with the variations of outer radiation b e l t  
electrons. 

In the lower part of Fig .3  we plotted by dots the intermit ies  of 
protone, regis tered in the 8-e region of spaee um for Fig. 1, and in the 

upper part wb plotted the b t e ~ i t h 8  of electron8 of the  outer radiat ion 
b e l t  according to data of the gacr-diseharge oounterr for the period of 
time from 28 A u g u s t  to 1x) October 1964, For elariw, we brought out tho 
curves of electron and proton bteaeitbrr for the 4th and 19th September, 
all t h i s  fo r  different value8 of L, 

It may be noted, t h a t  the peatest variations in the intenei ty  of 
electron6 for a f i x e d  L t ake  plaee I n  the region L = 5 + 3 ;  at the 
same t h e ,  change in the  position of the maxima a8 w e l l  as in the inten- 
s i t y  of electron6 in the maximum take8 plme,  whereas f o r  the intenei ty  
of protone, variations increme with the rise of Lthrough L r l O ,  while 
the position of the maximum remains invariable, or nearly eo. 

Shown ia Fig. 4 are  the variations in the in tens i ty  of low energy 
protons for  variou8 L- envelopes according t o  measurements for the periods 
from 3lAugust t o  4 September end from 16 t o  21 September, and of electrons 
regietered by the gas-discharge countere types Si- BG and STS-5. I n  the 

lower par t  of the drawing the variations of the thrw-hour K-index fo r  
the above-indicate time period6 t31. From the exanination of the graphs 
It may be 8een that  there is an obviona posit ive correlation in the tempo- 
ral variations of proton and electron intensi ty ,  t h i s  c o r r e l a t h n  beipg 



a. 

Fig. 4 

component of electron radiation, Only for 
L t 10 is the opposite pattern observed, but i t  may be seen from Fig, 3 
t h a t  for L = 0, the count of the Si-3BCt counter was at cosndc radiation 
background leve l  during the ent i re  duration of the experiment. Besides, 
it is visible  from Fig.4, that  the appearance of signif icant  intensity of 
protons and electrons in the &region between 7 and 10, is linked with 
the increase of magnetic dbturbances. 

Therefore, i t  may be assumed, t h a t  protone of solar or-, having 
passed through the ehock wave at magnetosphere boundarj, undergo a subse- 
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quent d r i f t ,  with acceleration aero68 L-€sheathe a8 a result of nonsta- 
t ionary magnetic disturbances. The energetic electrone, having h i t  the 
magnetosphere, are  apparently stlbJect t o  the same mechanbsm C43. 

a sharp increase in the flux of low energy protons. Curve 3 of Fig. 5 
represents t h e  peak of proton intensity, regS6tercrd on 29 S e p t d e r  1964, 
for L -9.5; at the eame time, it is seen tha t  by oompari8on with tho 
ueual intensi ty  of proton6 i a  th ie region of epace (uurve 4 for 3 1 A u g m t ) ,  
the intensi ty  increased by three orders. The count of the sc in t i l l a t i on  
detector with a threshold of reeponee of 90 ket (curve 1) for 20 Septem- 
ber w a s  somewhat higher than usual (8-0 21, and in the region of tho 
proton peak i t  inereatsod by a faetor of 3. !Che 8 i - Z ; B B  I and I1 (curvm8 
5 and 6 )  revealed no ra r ia thm and t h e k  eount coinuided w i t h  the amaal 

one. 
the gound 6tation recrorded a smal l  storm with gradual commencement, \ih+ru.rr 

the  &in- of 28-29 September doubled, a6 an average, reaching the value 

In  cer ta in  cause8 for great L, the eemiconductor detector f h 8 d  

B8-g with 00 00 hr8 UT on 28 September and to  0300kon 29 Sept., 

Of 5 133. 
Presented also LD F i g . 1  are the anomlow evente taking place 

on the  outer boundary of the p tonosphe re  (curve for 3 September). Hem 
the aaoothest peak of proton intensity wau observed on L r  8.5. 

In the context of the pomagaetic conditions, the ca8e ressembled 
a great d e a l  the preceding one. Beginning with 2200 hours U!l! on 31 A u g e s t  
and t o  0500 hrs  on 2 September, a s m a l l  storm with gradual commencement 
ya8 observed with the increase of K-index. The data are plotted in Fig.4 
and they point t o  the fact ,  t h a t  on 1 September an acre-d intenel- of 
protone (103 f 5 0 1 0 2  
the region of L t a r la t ion  from 7 t o  10, A t  the same t ime,  the intenlr i t j  
of electrons ale0 roee sharply by comparison with the measurements of 31 
August. By 3 September the intensity of protons lowered substant ia l ly  in 
the given region of space, forming the above-indicated peak, and on 4 Sept. 
i t  increased again, with a maximum at L.3 10. 

1 
an? clec sterad 

w a s  registered everywhere in 

* *  
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C O I C  L U S I O N  s 

Ropr the results of measurements of  proton8 with energy from 
0.4 t o  ?mev and of electroas of the outer radiation belt ,  we llaa~r derive 
the following conclusions: 

a)’ the outer proton belt constitutes a relatively eteady fomua- 
tion and temporal variation6 mainly affeet the outer part of it, begin- 
ning with L 9 4.5; 

variations of low energy protons and hard electrons of the outer be l t  
a t  L >  5 point to a common trapping and acceleration mechanism for 
both forms of radiation: 

b) the presence of identical altitude courue and the character of 
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* 

c si. 

c)  tnking in to  account the dependence of these variations on the 
geomagnetic conditione, one map tmmme, that  the anomalous diffusion is 
euch a mechanism [43; this anomalous diffusion of part ic les  in the Ear th ' s  
magnetosphere on account of weak stationary distmbances of the geomagnetic 
field is indeed observed rather frequently. 

' 

I n  conclusion the author6 extend the i r  thanks t o  Bo V. 'Everskoy 
for his i n t e r e s t  in the work and t o  all laboratory co-worbrs having parti- 
cipated in the conducting of the experiment. 
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